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FIG. 8(a) 
(PRIOR ART) 
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(PRIOR ART) 
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(PRIOR ART) 
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FIG. II 
(PRIOR ART) 
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MULTI-COLOR IMAGE FORMING 
APPARATUS AND MULTI-COLOR IMAGE 
FORMING METHOD 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention pertains to a multi-color image 
forming apparatus and method that express darkness levels 
by changing the ratio of dots in each pixel, based on pixel 
gradation signals, to form a multi-color image. 

2. Description of the Prior Art 

As a consequence of the popularity of personal computers 
for home use, image forming devices such as full color 
printers have come to be increasingly used in households as 
well as by businesses. 

Dithering is one method by which to express gradation 
using an image forming device employing the electropho- 
tographic method. 

Specifically, dithering involves contrasting and compar-' 
ing input image information 70 of the input image shown in 
FIG. 6(c) and each threshold component of the threshold 
matrix shown in FIG. 6(a), and expressing gradation by 
means of control such that if input image signal of each pixel 
is larger than the corresponding threshold component, as 
shown in FIG. 6(c), dots are formed at positions correspond- 
ing to the threshold components, while if input image signal 
of each pixel is smaller than the corresponding threshold 
component, dots are not formed. Here, in FIG. 6(c), the input 
image level is assumed to be 7. In addition, a 16-level image 
reproduction is possible using the threshold matrix of FIG. 
6(a), but the gradation level may be increased through duty 
modulation controlling the time of laser irradiation, as 
shown in FIG. 6(b). 

Besides the dithering described above, a method is also 
used in which, as shown in FIGS. 7(a) through 7(h), output 
patterns corresponding to each level of input image infor- 
mation are set beforehand, a look-up table (LUT) is 
prepared, and an image is output with reference to the 
prepared look-up table. 

When applying these gradation expression methods to the 
formation of color images, for example, as shown in FIGS. 
9(a) and 9(b), where a black image and a magenta image are 
placed one over the other using the same threshold matrix, 
due to a lack of uniformity of distance between the output 
dots or misalignment of the printed characters resulting from 
uneven pitch, etc, caused by uneven rotation of the 
photoreceptor, etc., the dots may be placed directly on top of 
each other, as shown in FIG. 9(c), or they may conversely be 
placed in alternating locations, as shown in FIG. 9(d). When 
this occurs, if the dots are placed directly on top of each 
other as shown in FIG. 9(c), the color appears closer to 
black, whereas if the dots are placed in alternating positions 
as shown in FIG. 9(d), the color appears closer to red, such 
that if an image of uniform density is printed, unevenness in 
color occurs due to the discrepancy in the way the dots are 
placed one on top of the other. 

Therefore, it has been considered how to prevent the 
occurrence of color unevenness by establishing a screen 
angle for each gradation pattern image corresponding to 
each color in order to disperse the placement of the dots on 
top of each other. 

For example, in dithering, the screen angle may be set by 
arranging a plurality of unit gradation patterns produced by 
unit threshold matrices like the one shown in FIG. 8(a). The 
unit gradation patterns are arranged in a non-sequential 
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order. The gradation pattern image shown in FIG. 8(b) 
comprises unit gradation patterns like the one shown in FIG. 
8(a), which are displaced horizontally to the right by dis- 
tance 'a*, or four pixels, and displaced vertically down- 
5 wardly by distance *b\ or one pixel, therefore resulting in a 
screen angle 61, corresponding to the direction of line c. The 
tan 01=^4 and screen angle 01~14 degrees. It can also be said 
that the unit gradation patterns arranged as shown in FIG. 
8(b) also comprises unit gradation patterns like the one 

10 shown in FIG. 8(a), which are displaced horizontally to the 
left by a distance b' of one pixel and displaced vertically 
downwardly by a distance a' of four pixels, therefore result- 
ing in a screen angle 82 corresponding to the direction of the 
line c', so that the screen angle 92** 104 degrees. In other 

15 words, the gradation pattern image by arranging unit gra- 
dation patterns as shown in FIG. 8(b) has two screen angles 
01 and 02 that are perpendicular to each other. In other 
words, the screen angle 02 equals screen angle 01 plus 90° 
and line c' is perpendicular to line c. This characteristic is to 

20 be called the two-directional characteristic of screen angles. 
The resolution (number of lines) of the image that is 
output using the threshold matrix shown in FIG. 8(b) is 
inversely proportional to the length of the line c that is 
obtained by connecting the centers of two neighboring unit 

25 threshold matrices and is set such that the image resolution 
will be essentially the same for all the colors. Resolution will 
be indicated hereinafter as *c'. If the difference between the 
screen angles of the gradation pattern images for any two 
colors is small, the texture (rosettes) will stand out, as shown 

30 in FIGS. 10 and 11. Therefore, it is necessary that the 
difference between screen angles for any two colors be set 
as large as possible. 

In the multi-color image forming apparatus and method 
using conventional dithering, however, because the number 

35 of threshold components that comprises the unit threshold 
matrix is limited to a certain number or less, only a limited 
number of discrete values are available for setting of the 
screen angles, and if it is attempted to give the image high 
resolution, the number of threshold components becomes 

40 further limited, as do the values of the screen angles that can 
be set. In addition, as described above, in conventional 
dithering, the gradation pattern image has two screen angles 
01 and 02 that are perpendicular to each other, as a result of 
which the screen angles for gradation pattern images for the 

45 recording colors that can be set will be further limited. 
As described above, in the conventional multi-color 
image forming apparatus and method, even if different 
screen angles are set for each gradation pattern image for 

50 each recording color, the difference between screen angles 
cannot be set to be large. Consequently, the problems arise 
that the occurrence of color unevenness cannot be 
adequately prevented or that ring-like texture (rosettes) will 
occur cyclically, reducing image quality. 

55 SUMMARY OF THE INVENTION 

The object of the present invention is to provide a 
multi-color image forming apparatus and method which 
resolve the problems described above and which are capable 
60 of forming multi-color images in which the occurrence of 
color unevenness is prevented and the texture is inconspicu- 
ous. 

The present invention was made based on the discovery 
that the change in the size of the area of the part where dots 
65 overlap may be reduced, said change being caused by 
unevenness in printing position, and the differences between 
the screen angles for any two recording colors may be set to 
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be large by forming at least two of the gradation pattern forming apparatus and unit gradation patterns that are 

images for the recording colors using line patterns. formed using the threshold matrices. 

In other words, one aspect of the present invention FIGS. 6(a) through 6(c) show the conventional threshold 

provides a multi-color image forming apparatus that forms matrices and unit gradation patterns that is formed using one 

a color image by overlapping multiple gradation pattern 5 of the threshold matrices. 

images that are formed for each of the recording colors FIGS, 7(a) through 7(A) show output patterns that corre- 

based on the input color image information, wherein the first spond to various input levels that are set in a look-up table 

gradation pattern image among the multiple gradation pat- for the conventional example. 

tern images is formed using unit gradation patterns each of FIGS. 8(a) and S(b) are drawings to explain the screen 

which is constituted by a line pattern in which dot patterns 10 angk scUing method for the ^y^^i example, 

are made to grow in the direction corresponding to a first F]GS m {h h %d) m drawings to cxplain tne 

screen angle and another gradation pattern image among the overiapping side-by-side dot alignments caused by 

multiple gradation patterns, i.e., the second gradation pattern misa Hgnment in printing. 

image, is formed using unit gradation patterns each of which rTO 1ft - , , . . . • , tU 

6 - A . . ,? * . + * i_ _i a i« FIG. 10 is a drawing showing the texture noise when the 

is constituted by a line pattern in which dot patterns are 15 , . , « , f ' , 

j • l j- j- screen angles are set at 0 and 14 degrees. 

made to grow in the direction corresponding to a second ___ ' , . . . . , 

*V • , • j.rr^^^, r iU Z JT« a u„ FIG. 11 is a drawing showing the texture noise when the 

screen angle which is dine rent from the first screen angle by . & . . . 

90 degrees screen angles are set at 14 and 76 degrees. 

Another aspect of the present invention provides a multi- DETAILED DESCRIPTION OF THE 

color image forming method to form a color image by 20 PREFERRED EMBODIMENTS 

overlapping multiple gradation pattern images that are The multi-color image forming apparatus of an embodi- 

formed for each of the recording colors based on the input mC nt of the present invention is explained below with 

color image information, wherein the first gradation pattern reference to the drawings. 

image among the multiple gradation pattern images is p]Q. 1 is a block diagram snowing the construction of 

formed using unit gradation patterns each of which is f orm ing unit 10 of image forming apparatus (color 

constituted by a line pattern in which dot patterns are made copying machine) 1 of this embodiment. Photoreceptor 

to grow in the direction corresponding to a first screen angle, (photoelectric conductor) 11 that has an organic photocon- 

and another gradation pattern image among the multiple ductive material applied to its surface and that operates as an 

gradation patterns, i.e., the second gradation pattern image, image carrier is mounted in this image forming unit 10 such 

is formed using unit gradation patterns each of which is that it may rotate in the direction of arrow A. Mounted 

constituted by a line pattern in which dot patterns are made around the photoreceptor 11, in sequential order along its 

to grow in the direction corresponding to a second screen direction of rotation, is a charger brush 12, a laser exposure 

angle which is different from the first screen angle by 90 device 13, a developing device 14, a intermediate transfer 

degrees. ^ member 15, and a cleaner unit 16. 

In addition, gradation pattern images other than the first In image forming unit 10 shown in FIG. 1, photoreceptor 

and second gradation pattern images are set such that their U rotates in the direction of arrow A. After the photorecep- 

screen angles are different from the first or second screen tor 11 is charged up to a certain level of potential by means 

angles by 20 degrees or more. of the discharge of charger brush 13 that rotates in the same 

Further, each of the gradation patterns is formed using a 40 direction as the direction of rotation of photoreceptor 11, a 

threshold matrix that corresponds to each of the screen laser beam irradiates the surface of photoreceptor 11 by 

angles. means of laser exposure device 13 in response to the image 

These and other objects, advantages and features of the information, whereupon an electrostatic latent image is 

invention will become apparent from the following descrip- formed in ^ charged area. The electrostatic latent image is 

tion thereof taken in conjunction with the accompanying 45 men carried to the developing area where toner is supplied 

drawings, which illustrate specific embodiments of the from developing device 14 and the electrostatic latent image 

invention. ^ developed into a toner image. 

In the case of full-color image forming unit 10, the 

BRIEF DESCRIPTION OF THE DRAWINGS process described above is sequentially repeated by the 

In the following description, like parts are designated by 50 developing devices of several colors and the images thus 

like reference numbers throughout the several drawings. io \ mcd arc overl f a PP ed - In embodiment, the recording 

. . ..... t • , colors comprise four colors, i.e., yellow, magenta, cyan and 

FIG. lis an outline drawing showing the construction of black ^ ss described above is perfornje d in 

the image form.ng unit of the multi-color image forming nce b four deve , ; devices> each for one of these 

apparatus pertaining to an embodiment of the present inven- ^ co i ors 

^ - r Th e toner image developed on photoreceptor 11 is carried 

HG. 2 is a block diagram showing the construction of the to the lfansfer ^ whefe u is transferred t0 interm ediate 

control unit that controls the image forming unit shown in member 15 t0 which a voltage having the opposite 

polarity from the toner has been applied. 

FIG. 3 is a flow chart that shows the sequence of pro- 60 ^ loner images of me four mlm ^ overlapped on 

cessing by the control unit shown in FIG. 2. intermediate transfer member 15 so that a multi-color image 

FIGS. 4(a) through 4(d) show the threshold matrices used is obtained. The multi-color toner image is electrostatically 

for the multi-color image forming apparatus shown in FIG. transferred to the recording medium by means of a final 

1 and unit gradation patterns that are formed using the transfer member (not shown in the drawing), and carried to 

threshold matrices. 65 the fixing device (not shown in the drawing), where the 

FIGS. 5(a) through 5(d) show the threshold matrices used multi-color toner image is bonded to the recording medium 

for a variation of said embodiment of the multi-color image and a full-color image is formed. 
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The toner that is not transferred in the intermediate in FIG. 4(a). By using threshold matrix 1 constructed in this 

transfer member and remains on the photoreceptor 11 is fashion, for level 8 input image information 80, for example, 

collected in cleaner unit 16. the unit gradation pattern for the first gradation pattern 

FIG. 2 is a block diagram that shows the control unit in image 3 shown in FIG. 4(b), in which dot patterns are 

the multi-color image forming apparatus of this 5 formed in a line in the area that corresponds to the second 

embodiment, which controls image forming unit 10 shown r° w tnat has threshold components of level 8 or smaller, may 

in FIG. 1. This control unit comprises CPU 21, ROM 22 in be formed. In this specification, in explaining the threshold 

which control programs, etc. are stored, RAM 23 which is matrices and gradation pattern images, the rows and col- 

a working memory, memory 24 that temporarily stores umns of the matrix and image will be respectively called the 

image data that is input, and input unit 25, and controls 10 first row > second row, third row, and fourth row sequentially 

image forming unit 10 in accordance with the flow chart of f rom lne t0 P row ^ the drawing, and the first column, second 

FIG. 3. In other words, this control unit is initialized in step column, etc., from the leftmost column in the drawing. 

SI, and reads from memory 24 the input image information As shown in FIG. 4(c), in threshold matrix 2, threshold 

regarding one color from the input image data in step S2. components for levels 1 through 4 are aligned in the third 

Next, in step S3, the control unit binarizes the input image 15 column, threshold components for levels 5 through 8 are 

information by comparing it against the threshold matrix aligned in the fourth column, and increasingly larger thresh- 

stored in ROM 22. The control unit then turns ON and OFF old components are sequentially aligned in the fifth, sixth, 

laser exposure device 13 shown in FIG. 1 to form an image seventh, eighth, first and second columns in said order, 

in step S4 based on the binarized input image information. Using threshold matrix 2 constructed in this way, for level 

Through this image forming process, a gradation pattern 20 8 input image information 80, for example, the unit grada- 

image for one color is formed in image forming unit 10. u °n pattern of the second gradation pattern image 4 shown 

In step S5, the control unit determines whether or not the * nG - ™ whic J h dot f lte ™ m ^jmed in a line in the 

image forming processes for each of the four colors have area that responds to the third and fourth columns that 

been completed. Where they have not been completed, the ^ ave threshold components of level 8 or smaller, may be 

control unit repeats the processes of steps S2 through S4 for 25 tormed - 

the remaining colors. The multi-color image forming appa- M shown m FIGS - ^ and when the two Hne " 

ratus of this embodiment forms gradation pattern images for sha P ed unit gradation patterns 3 and 4 in which dot patterns 

each of the four colors in this way. The multi-color image are made to S row m different directions (two colors) are 

forming apparatus forms a full-color image by overlapping overlapped, even if the printing position is displaced due to 

these four gradation pattern images and outputs the final 30 P ltch evenness, etc., the area where the dots overlap does 

image not change. Consequently, no unevenness in coloring 

t, ... t - - . ^ f ... occurs. Nor does texture noise occur, because the difference 

Ihc multicolor image forming apparatus of this embodi- ^ 

ment is particularly charactenzed in that: ^ ^ gradatkm * m ^ ^ ^ ^ ^ 

(1) .the first gradation pattern image that is formed for the 35 are fonned 5y using threshold matrices ^ which small 
first color is formed using unit gradation patterns in mrcshold components are aligned diagonally, as shown in 
which dot patterns are made to grow linearly in the nGS 5(fl) and 5(c) Based 0Q ^ ^ aod foufth unit 
direction corresponding to a first screen angle; gradation patterns in which dot images are formed diago- 

(2) the second gradation pattern image that is formed for na ll y may be formed, as shown in FIGS. 5(b) and 5(d). In 
the second color is formed using unit gradation patterns 40 this embodiment, the diagonal lines on which dot patterns 
in which dot patterns are made to grow linearly in the are formed in the third and fourth unit gradation patterns are 
direction corresponding to a second screen angle which set such that they are perpendicular to each other. Since it is 
is different from the first screen angle by 90 degrees; not necessary to consider the screen angles of the unit 
a °d gradation screens of the first and second gradation pattern 

(3) the two gradation pattern images for the third and 45 images, the first through fourth unit gradation patterns may 
fourth colors are formed by aligning their unit grada- be aligned such that their screen angles are different from 
tion patterns such that their screen angles will be one another by 20 degrees or more. Through this setting, the 
different from the first screen angle and the second ring texture (rosettes) as shown in FIGS. 10 and 11 does not 
screen angle by 20 degrees or more, and such that the stand out. Because the first through fourth unit gradation 
difference between the screen angle of the unit grada- 50 patterns may be aligned such that the difference between 
tion patterns of the third gradation pattern image and screen angles of any two pattern images is 20 degrees or 
the screen angle of the unit gradation patterns of the more, the third and fourth unit gradation patterns may be 
fourth gradation pattern image will be 20 degrees or formed using the non-line dot formation method. 

more. The reason that the screen angles of the first through 

The formation and setting methods for the processes 55 fourth unit gradation patterns may be aligned such that they 

described in paragraphs (1), (2) and (3) above are explained are different from one another by 20 degrees or more in this 

in detail below. embodiment is explained below. 

First, in this embodiment, the unit gradation patterns of For example, the setting of the screen angles using a 

the first and second gradation pattern images are formed threshold matrix shown in FIG. 8, whose resolution V is 

using threshold matrix 1 shown in FIG, 4(a) and threshold 60 around 4, will essentially be as shown in Table 1, and the 

matrix 2 shown in FIG. 4(c), respectively. In other words, in screen angles will be selected from among examples (A) 

threshold matrix 1, the threshold components for levels 1 through (H). 

through 8 are aligned in the second row, the threshold However, where the unit gradation patterns for the four 

components for levels 9 through 16 are aligned in the first colors are all formed using the conventional non-line dot 

row, the threshold components for levels 17 through 24 are 65 formation method, regardless of which combination of 

aligned in the third row and the threshold components for screen angles for the four colors (yellow, magenta, cyan, 

levels 25 through 32 are aligned in the fourth row, as shown black) is selected from among (A) through (H) of Table 1, 
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the difference between one screen angle and another will 
become small. This is the result of the two-directional nature 
of screen angles, which was made clear in the explanation of 
the conventional example. Consequently, regardless of 
which combination is selected, it is impossible to set the 
screen angles for the first through fourth unit gradation 
patterns such that the difference between any two screen 
angles is 20 degrees or more. 



TABLE 1 





(A) 


(B) 


(C) 


(D) 


(E) 


(F) 


(G) 


(H) 


a 


4 


4 


3 


3 


2 


2 


2 


1 


b 


0 


1 


2 


2 


3 


3 


4 


4 


c 


4.00 


4.12 


4.47 


3.61 


4.24 


3.61 


4.47 


4.12 


61 


0° 


14° 


27° 


34° 


45° 


56° 


63° 


76° 


62 


90° 


104° 


117° 


124° 


135° 


146° 


153° 


166° 



In contrast, in the multi-color image forming apparatus of 
this embodiment, with regard to two of the four recording 
colors, the unit gradation patterns for these two recording 
colors may be aligned such that their screen angles are 
different from each other by 90 degrees, by forming the dots 
in lines that are perpendicular to each other. 

In other words, in the conventional example, for a 
0-degree screen angle and a 90-degree screen angle, the 
alignment of the unit gradation patterns will be the same as 
shown in column (A) of Table 1 (a =4, b=0, c=4), and 
therefore, aligning the unit gradation patterns using screen 
angles that have a difference of 90 degrees between them 
was not different from aligning them using the same screen 
angles (0 degrees). 

However, in this embodiment, because the unit gradation 
patterns for two colors are formed such that the dots are 
made to grow in lines that are perpendicular to each other, 
the screen angles are essentially different, even if both unit 
gradation patterns are aligned such that they are both a=4, 
b=0 and c=4. Consequently, the unit gradation patterns may 
be aligned such that their screen angles are different from 
each other by 90 degrees without causing color unevenness 
or texture noise. 

Thus, two combinations of parameters may be selected 
from among combinations (B) through (H) for the screen 
angles of the remaining two colors. Therefore, if (C) or (D) 
is selected for one screen angle and (F) or (G) is selected for 
the other, the difference between any two screen angles will 
be 20 degrees or more. In contrast, in the conventional 
example, if unit gradation patterns for one recording color is 
aligned using the parameter combination of (A), it is nec- 
essary to select three other parameter combinations from 
among (B) through (H) with regard to the unit gradation 
patterns for the other three recording colors. Consequently, 
regardless of how the selection is made, there is always a 
pair of screen angles whose difference is 20 degrees or 
smaller. As described above, because the unit gradation 
patterns for two colors may be set such that their screen 
angles are different from each other by 90 degrees, there is 
an increase in freedom in the selection of the screen angles 
regarding the other two colors. 

Various experimental examples that were implemented 
based on the explanation provided above are shown in 
Tables 2 through 6, which will now be explained. In Tables 
2 through 6, Y, M, C and K represent the colors, i.e., yellow, 
magenta, cyan and black, respectively, a, b, c, 61 and 02 are 
defined in FIG. 8(b). 'Non-line' in the pattern configuration 
column indicates that the unit gradation pattern is one that is 
formed using the conventional method in which dot patterns 
are formed in a non-line fashion (FIGS. 6(a)-6(c), l(a)-l(h) 
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or 8), while 'line' indicates that the unit gradation pattern is 
one that is formed with a pattern comprising dot patterns are 
made to grow in a line, i.e., the method explained with 
regard to the embodiment (FIGS. <X(a)~4{d)). In this study, 
a multi-color image was formed and evaluation was made by 
preparing and overlapping each gradation pattern image in 
accordance with the parameters shown in the table. Here, 
Tables 2 and 3 represent color images formed using the 
conventional multi-color image forming method, while 
Tables 4 through 6 represent color images formed using the 
multi-color image forming method embodying the present 
invention. 



TABLE 2 



30 



35 



40 



45 



50 













Pattern 


Color 


Texture 




a 


b 


c 


61 


62 configuration 


unevenness 


noise 


Y: 


4 


0 


4.00 


0° 


90 ° Non-line 






M: 


4 


0 


4.00 


0° 


90 ° Non-line 


X 


O 


C: 


4 


0 


4.00 


0° 


90 ° Non-line 






K; 


4 


0 


4.00 


0° 


90 ° Non-Line 






TABLE 3 












Pattern 


Color 


Texture 




a 


b 


c 


61 


62 configuration 


unevenness 


noise 


Y: 


4 


0 


4.00 


0° 


90 ° Non-line 






M: 


4 


1 


4.12 


14° 


104 ° Non-line 


O 


X 


C: 


1 


4 


4.12 


76° 


166 ° Non-line 






RA- 


3 


3 


4.24 


45° 


135 ° Non-line 






TABLE 4 












Pattern 


Color 


Texture 




a 


b 


c 


61 


62 configuration 


unevenness 


noise 


Y: 


4 


0 


4.00 


0° 


Line 






M: 


4 


2 


4.47 


27° 


117° Non-Une 


O 


O 


C: 


2 


4 


4.47 


63° 


153 ° Non-line 






K: 


4 


0 


4.00 


90° 


Line 






TABLE 5 












Pattern 


Color 


Texture 




a 


b 


c 


61 


62 configuration 


unevenness 


noise 


Y: 


3 


3 


4.24 


45° 


Line 






M: 


4 


1 


4.12 


14° 


104 ° Non-line 


O 


O 


C: 


1 


4 


4.12 


76° 


166 ° Non-line 






K: 


3 


3 


4.24 


135 ° 


Line 






TABLE 6 












Pattern 


Color 


Texture 




a 


b 


c 


01 


02 configuration 


unevenness 


noise 


Y: 


4 


0 


4.00 


0° 


Line 






M: 


3 


3 


4.24 


45° 


Line 


0 


O 


C: 


3 


3 


4.24 


135 ° 


Line 






K: 


4 


0 


4.00 


90° 


Line 







where: 

The symbol "O" means that color unevenness (or texture 
noise) is prevented from occurring. 

The symbol "x" means that color unevenness (or texture 
65 noise) occurs. 

As is clear from Tables 2 and 3, where the conventional 
multi-color image forming method is used, it is not possible 
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to prevent both color unevenness and texture noise, In 
contrast, as is clear from Tables 4 through 6, in each of these 
experimental examples, both color unevenness and texture 
noise can be prevented from occurring. 

As explained above, in this embodiment, the first and 
second gradation pattern images for two of the recording 
colors for the color image are formed using unit gradation 
patterns in which dot patterns are made to grow linearly in 
directions perpendicular to each other. Consequently, varia- 
tion in the area in which the dots of the two colors overlap, 
the variation being caused by the variation in printing 
position, may be minimized, and therefore the occurrence of 
color unevenness may be eliminated. In addition, because 
the first and second gradation pattern images for the two 
colors are formed using the above described unit gradation 
patterns, degrees of freedom in the setting of the screen 
angles of the third and fourth unit gradation patterns increase 
The unit gradation patterns for the other two colors may be 
n on- line or line patterns and may be aligned in which screen 
angles thereof are different from that of the first or second 
line gradation patterns by 20 degrees or more, and the 
occurrence of texture noise may be eliminated. As explained 
above, using this embodiment, multi-color images having no 
color unevenness or texture noise may be obtained. 

The variations of the embodiment will now be described. 
In the embodiment described above, the first and second unit 
gradation patterns are formed using line patterns having a 
0-degree angle and 90-degree angle relative to the screen 
angle. However, the present invention is not limited to this, 
and other variations are acceptable so long as the directions 
in which the dots are made to grow for the first and second 
unit gradation patterns differ by 90 degrees, using threshold 
matrices of the same size. 'Matrices of the same size* here 
means that they share the same resolution *c\ One example 
is shown in FIGS. 5(a}-5(d). FIG. 5(a) is threshold matrix 
5 to set the direction in which dot patterns are made to grow 
at a 135-degree angle relative to the screen angle of the unit 
gradation patterns, as shown in FIG. 5(b), and FIG. 5(c) is 
threshold matrix 6 to set the direction in which dot patterns 
are made to grow at 45 degrees relative to the screen angle 
of the unit gradation patterns, as shown in FIG. 5(d). Input 
image information 60 here is assumed to be level 6. When 
the angles of line patterns 7 and 8 are set to be 45 degrees 
and 135 degrees, respectively, as described above, (B) and 
(H) of Table 1 may be used for the setting for the other two 
colors. In other words, setting should be made using one of 
the (A), (B) and (H) matrices so that perpendicular patterns 
will be formed regarding the first two colors. Where the 
method in which the output pattern is individually used for 
each level of the input image information without using 
threshold matrices (the method in which a look-up table is 
used), the same effect may be obtained by forming two of the 
output patterns in lines that are perpendicular to each other. 

As described above, the multi-color image forming appa- 
ratus is constructed such that at least two of the gradation 
pattern images for the recording colors are formed using unit 
gradation patterns constituted by line patterns and such that 
the angles of the two line patterns are perpendicular to each 
other. As a result, the change in the size of the area of the part 
where dots overlap due to variation in printing position may 
be reduced and the difference of screen angles between 
gradation patterns for any two recording colors may be set 
to be large. Consequently, the occurrence of color uneven- 
ness may be eliminated and multi-color images in which the 
texture is inconspicuous may be obtained. 

The multi-color image forming method is constructed 
such that the first gradation pattern image is formed using 
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unit gradation patterns having a line pattern in the direction 
corresponding to the first screen angle and the second 
gradation pattern image is formed using unit gradation 
patterns having a line pattern in the direction corresponding 
to the second screen angle which is different from the first 
screen angle by 90 degrees. Because of this, the change in 
the area of the part where dots are overlapped due to 
variation in printing position may be reduced and the 
difference of screen angles between unit gradation patterns 
for any two recording colors may be set to be large. 
Consequently, the occurrence of color unevenness may be 
eliminated and multi-color images in which the texture is 
inconspicuous may be obtained. 

In addition, by aligning the unit gradation patterns other 
than the first and second gradation pattern images such that 
15 their screen angles are different from the first or second 
screen angles by 20 degrees or more, multi-color pattern 
images in which the texture is inconspicuous may be 
obtained. 

Further, by forming each of the gradation patterns using 
20 a threshold matrix that corresponds to each screen angle, the 
occurrence of color unevenness may be easily eliminated 
and multi-color images in which the texture is inconspicuous 
may be obtained. 

Although the present invention has been fully described 
25 by way of examples with reference to the accompanying 
drawings, it is to be noted that various changes and modi- 
fications will be apparent to those skilled in the art. 
Therefore, unless otherwise such changes and modifications 
depart from the scope of the present invention, they should 
be construed as being included therein. 
What is claimed is: 

1. An image forming apparatus comprising: 
an image signal input section to which an image signal is 

inputted; 

an image forming device which forms gradation pattern 
images, corresponding to at least a first color and a 
second color, by means of said image signal; 
an image recording device which overlaps said gradation 

pattern images to form a multi-color image; 
a controller which is capable of controlling said image 
forming device so that: 

a first gradation pattern image for said first color is 
formed by aligning a plurality of first unit gradation 
patterns alone one screen angle, wherein each said 
first unit gradation pattern is constituted by dots that 
extend linearly in a first direction corresponding to a 
first screen angle; and 
a second gradation pattern image for said second color 
is formed by aligning a plurality of second unit 
gradation patterns along another screen angle which 
is different from said one screen angle, wherein each 
said second unit gradation pattern is constituted by 
dots that extend linearly in a second direction cor- 
responding to a second screen angle, wherein said 
second direction is substantially perpendicular to 
said first direction. 

2. An image forming apparatus as defined in claim 1, 
wherein said controller is capable of further controlling said 
image forming device so that a third gradation pattern image 
for a third color is formed by aligning a plurality of third unit 

60 gradation patterns at a third screen angle, wherein each said 
third unit gradation pattern is constituted by dots that extend 
linearly in a third direction corresponding to said third 
screen angle, wherein said third screen angle is different 
from said first screen angle by at least 20 degrees. 

3. An image forming apparatus as defined in claim 2, 
wherein said third screen angle is different from said second 
screen angle by at least 20 degrees. 



40 



45 



50 



55 



65 
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4. An image forming apparatus as defined in claim 2, 
wherein said controller is capable of further controlling said 
image forming device so that a fourth gradation pattern 
image for a fourth color is formed by aligning a plurality of 
fourth unit gradation patterns at a fourth screen angle, 5 
wherein each said fourth unit gradation pattern is constituted 
by dots that extend linearly in a fourth direction correspond- 
ing to said fourth screen angle, wherein said fourth screen 
angle is different from each of said first screen angle and said 
second screen angle by at least 20 degrees. to 

5. An image forming apparatus as defined in claim 1, 
wherein said controller is further capable of controlling said 
image forming device so that each of said plurality of first 
unit gradation patterns is formed by means of a first thresh- 
old matrix and so that each of said plurality of second unit 15 
gradation patterns is formed by means of a second threshold 
matrix. 

6. An image forming apparatus as defined in claim 1, 
wherein said image forming apparatus is a full color copying 
machine. 20 

7. An image forming method comprising the steps of: 
inputting an image signal; 

forming a first gradation pattern image corresponding to 
a first color by means of the inputted image signal by 
aligning a plurality of first unit gradation patterns along 25 
one screen angle, wherein each said first unit gradation 
pattern is constituted by dots that extend linearly in a 
first direction corresponding to a first screen angle; 

formiog a second gradation pattern image corresponding 3Q 
to a second color by means of the inputted image signal 
by aligning a plurality of second unit gradation patterns 
along another screen angle which is different from said 
one screen angle, wherein each said second unit gra- 
dation pattern is constituted by dots that extend linearly 35 
in a second direction corresponding to a second screen 
angle, wherein said second direction is substantially 
perpendicular to said first direction; and 

overlapping said first and said second gradation pattern 
images to form a multi-color image. 40 

8. An image forming method as defined in claim 7 further 
comprising: 

forming a third gradation pattern image for a third color 
by aligning a plurality of third unit gradation patterns at 
a third screen angle, wherein each said third unit 45 
gradation pattern is constituted by dots that extend 
linearly in a third direction corresponding to said third 
screen angle, wherein said third screen angle is differ- 
ent from said first screen angle by at least 20 degrees. 

9. An image forming method as defined in claim 8, 50 
wherein said third screen angle is different from said second 
screen angle by at least 20 degrees. 

10. An image forming method as defined in claim 8, 
further comprising the step of: 

forming a fourth gradation pattern image for a fourth 55 
color by aligning a plurality of fourth unit gradation 
patterns at a fourth screen angle, wherein each said 
fourth unit gradation pattern is constituted by dots that 
extend linearly in a fourth direction corresponding to 
said fourth screen angle, wherein said fourth screen 60 
angle is different from each of said first screen angle 
and said second screen angle by at least 20 degrees. 



11. An image forming method as defined in claim 7, 
wherein each of said plurality of first unit gradation patterns 
is formed by means of a threshold matrix that corresponds 
to said first screen angle, and wherein each of said plurality 
of second unit gradation patterns is formed by means of a 
threshold matrix that corresponds to said second screen 
angle. 

12. An image forming apparatus as defined in claim 4, 
wherein said fourth screen angle is different from said third 
screen angle by at least 20 degrees. 

13. An image forming method as defined in claim 10, 
wherein said fourth screen angle is different from said third 
screen angle by at least 20 degrees. 

14. An image forming device for forming a multi-color 
image based on inputted image data, comprising: 

an input device for receiving image data; 

a control device for receiving said image data from said 
input device and for controlling formation of said 
multi-color image based on said image data; and 

an image forming device, responsive to said control 
device, for forming an image based on said image data; 

said control device controlling formation of said multi- 
color image by forming at least three gradation pattern 
images, a color of each of said gradation patterns being 
different; 

said at least three gradation pattern images including a 
first gradation pattern image comprising a plurality of 
first gradation patterns aligned along a first screen 
angle, each of said first gradation patterns comprising 
dots that grow linearly along a first direction; 

said at least three gradation pattern images including a 
second gradation pattern image comprising a plurality 
of second gradation patterns aligned along a second 
screen angle, each of said second gradation patterns 
comprising dots that grow linearly along a second 
direction, said second screen angle being approxi- 
mately 90 degrees from said first screen angle; 

said at least three gradation pattern images including a 
third gradation pattern image comprising a plurality of 
third gradation patterns aligned along a third screen 
angle, said third screen angle being different from said 
first screen angle by at least 20 degrees; 

wherein said image forming device overlaps said at least 
three gradation pattern images to form said image. 

15. An image forming device in accordance with claim 

14, wherein said at least three gradation pattern images 
including a fourth gradation pattern image comprising a 
plurality of fourth gradation patterns aligned along a fourth 
screen angle, said fourth screen angle being different from 
said first screen angle by at least 20 degrees, said fourth 
screen angle being different from said third screen angle by 
at least 20 degrees. 

16. An image forming device in accordance with claim 

15, wherein each of said third gradation patterns comprises 
dots that grow linearly along a third direction and each of 
said fourth gradation patterns comprises dots that grow 
linearly along a fourth direction. 
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